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http://dx.doi.org/10.1016/j.fjs.2013.Summary Purpose: Most neurosurgeons in Taiwan are not trained formally to perform ante-
rior approaches for thoracolumbar corpectomies in the treatment of thoracolumbar lesions
during their residencies. Often, such procedures are conducted with the assistance of “access
surgeons”.
Materials and methods: Prior to performing anterior thoracolumbar corpectomies in clinical
cases, one senior neurosurgeon, who was not trained in the anterior approaches, acquired
the relevant skills from cooperating access surgeons, by attending a workshop, and by prac-
ticing on cadavers. Between December 2006 and March 2011, 18 consecutive patients under-
went surgeries involving the anterior approach to thoracolumbar lesions. Patients operated
on by the self-trained neurosurgeon were included in Group 1, and those operated on by neu-
rosurgeons assisted by access surgeons were included in Group 2. Operative time, blood loss,
complications, and neurologic outcomes were compared between the two groups.
Results: Group 1 consisted of 10 patients (4 men), with a mean age of 62.5 years, and Group 2
of eight patients (5 men), with a mean age of 58.3 years. The median follow-up periods for
both groups were 15.5 and 17 months, respectively. Operative time, blood loss, rate of com-
plications, and neurologic outcomes were comparable between the two groups.of Surgery, Taipei Tzuchi Hospital, The Buddhist Tzuchi Medical Foundation, Number 289, Jianguo
om.tw (S.S. Yang).
ight ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights reserved.
06.004
158 H.-T. Hsu et al.Conclusion: Through observation, by attending workshops, and by practicing the anterior
approach on cadavers, the self-trained neurosurgeon became competent in the anterior thor-
acolumbar corpectomy and achieved comparable results to surgeons who were assisted by ac-
cess surgeons in terms of operative time, blood loss, complications, and neurologic outcomes.
Copyright ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Pathologic changes in the thoracic and lumbar spine
frequently begin in the vertebral bodies, and occur anterior
to the spinal cord and nerve roots. The anterior approach is
preferred in treating pathologic conditions of the thoracic
and lumbar spine because it allows direct visualization and
access to the vertebral column.1
Anterior access to the thoracolumbar spine can be ach-
ieved via four different approaches: trans-sternal, lateral
transthoracic, thoracoabdominal, and retroperitoneal. The
anterior approach often requires a thoracotomy, involves
incision of the diaphragm and mobilization of the retro-
peritoneal vessels, and is frequently associated with
numerous complications. Some of the most frequent com-
plications associated with anterior thoracic surgery include
lung atelectasis and pneumonia,2 spinal cord ischemia,3
cardiac issues,4 and chylothorax.5 In addition, damage to
the major retroperitoneal vessels,6 ureter injury,7 and
retrograde ejaculation caused by hypogastric sympathetic
plexus injury have been reported.8
In Taiwan, most neurosurgeons are not specifically
trained in the anterior approach to thoracolumbar lesions
during their residencies. As such, neurosurgeons in Taiwan
tend to use the assistance of “access surgeons,” such as
general, chest, and vascular surgeons, to decrease the
complication rate and surgeon’s stress associated with
performing an unfamiliar procedure.9 In most nonteaching
hospitals, access surgeons are not always available readily
for surgery of patients suffering from neurologic deficits
due to spinal cord compression. In terms of safety and
salvage of neurologic function, it is beneficial for patients
to undergo surgery within less than 48 hours,10 by either
being transferred to a teaching hospital or being operated
on by a skilled neurosurgeon without the assistance of ac-
cess surgeons in the hospital visited initially.
The purpose of this study was to report the experience
of a neurosurgeon who was unfamiliar with the anterior
approach initially but acquired the skills gradually in a safe,
step-by-step learning process. Surgical outcomes of pa-
tients with lesions of the thoracolumbar vertebral bodies
treated via the anterior approach by the self-trained sur-
geon and those by neurosurgeons assisted by access sur-
geons were compared retrospectively.
2. Methods
One senior surgeon (H-T.H.), prior to attempting the inau-
gural anterior approach for thoracolumbar lesions without
the assistance of an access surgeon, completed extensive
training. Between November 2005 and October 2006, thesurgeon operated on three cases involving anterior thor-
acolumbar corpectomies, using the trans-sternal, lateral
transthoracic, and retroperitoneal approaches, with the
assistance of a cardiovascular surgeon, a thoracic surgeon,
and a general surgeon, respectively. In addition, that senior
surgeon also attended a workshop describing anterior
approach techniques of the thoracolumbar spine held by
the American Association of Neurosurgical Surgeons in April
2006. Subsequently, the surgeon practiced the techniques
on cadavers at the Buddhist Tzu Chi University, Hualien,
Taiwan, until October 2006.
Between December 2006 and March 2011, 10 patients (4
men) with a mean age of 62.5 years underwent surgery via
the anterior approach that was performed by the above-
described, self-trained surgeon (Group 1). An additional
eight patients (5 men) with a mean age of 58.3 years un-
derwent surgery via the anterior approach that was per-
formed by four different neurosurgeons who were assisted
by access surgeons (Group 2). The patients included in
Group 1 had metastatic lesions (n Z 4), osteoporotic
compression fractures (n Z 4), and infections (n Z 2), as
described in Table 1; those in Group 2 had metastatic le-
sions (n Z 3), burst fractures (n Z 2), osteoporotic
compression fracture (n Z 1), and infections (n Z 2), as
described in Table 2.
In all included patients, a trans-sternal approach was
employed for lesions of the upper thoracic spine (T1e5), a
lateral transthoracic approach for lesions of the middle and
lower thoracic spine (T6e11), a thoracoabdominal
approach for lesions at the level of T12eL1, and a retro-
peritoneal approach for the lesions involving L2e4.
All patients provided written informed consents. Oper-
ative time, blood loss, and complications were recorded.
The American Spinal Injury Association (ASIA) impairment
scale was used to evaluate preoperative and postoperative
neurologic outcomes. All patients were followed up (at the
outpatient clinic) 1 week postoperatively, and a trained
nurse under the supervision of a surgeon (not involved in
the surgeries) followed up with the patients 3 and 6 months
after surgery and yearly thereafter.2.1. Statistical analysis
Statistical differences in the operative time and blood loss
between the two groups were analyzed using the inde-
pendent sample test, and the Fisher’s exact test was
employed for statistical differences in the complication
rate and the rate of improvement of the ASIA impairment
scale. Statistical significance was assumed at a threshold of
p < 0.05. All statistical analyses were performed using SAS
version 15.0 (SAS, Inc., Cary, NC, USA).
Figure 1 Skin incision begins obliquely about 6 cm cranial to
the jugular notch along the medial border of the sternoclei-
domastoid muscle to the jugular notch, and then it continues
as a midline incision on the sternum to about 4 cm or more
caudal to the jugular notch.
Table 1 Characteristics of patients undergoing an ante-
rior surgical approach without the assistance of an access
surgeon.
Patient Age Sex Corpectomy
level
Pathological
diagnosis
Preoperative
ASIA
1 46 F T3 Breast
carcinoma
C
2 61 M L3 Colon
carcinoma
C
3 46 M T7e8 Osteomyelitis B
4 49 F L2e3 Colon
carcinoma
B
5 75 M T12 Compression
fracture
C
6 80 M L4e5 Osteomyelitis B
7 67 F T12 Compression
fracture
D
8 76 F T12 Compression
fracture
B
9 51 F T12 Breast
carcinoma
C
10 74 F L1 Compression
fracture
D
ASIA Z American Spinal Injury Association; L Z lumbar;
T Z thoracic.
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2.2.1. Anterior approach to the upper thoracic spine
(T1e5)
The patient is placed supine with the neck hyperextended
and turned to the left side. A skin incision begins obliquely
about 6 cm cranial to the jugular notch along the medial
border of the sternocleidomastoid muscle to the jugular
notch, and then it continues as a midline incision on the
sternum to about 4 cm or more caudal to the jugular notch
(Fig. 1). The platysma muscle is cut and the anterior veinsTable 2 Characteristics of patients undergoing an ante-
rior surgical approach with the assistance of access
surgeons.
Patient Age Sex Corpectomy
level
Pathological
diagnosis
Preoperative
ASIA
1 26 M T6 Burst fracture A
2 55 M L2e3 Osteomyelitis C
3 79 F L3e4 Osteomyelitis D
4 56 F T4 Lung carcinoma A
5 32 M L1 Burst fracture B
6 87 M T1 Hepatocellular
carcinoma
C
7 64 M T9 Prostate
carcinoma
C
8 67 F T12, L1 Compression
fracture
D
ASIA Z American Spinal Injury Association; L Z lumbar;
T Z thoracic.may be severed. The sternocleidomastoid muscle is
retracted laterally, followed by blunt dissection to
develop a space between the carotid sheath and the
trachea. After the subperiosteum of the sternum is
exposed, a sternotomy is performed with a sternotome or
a craniotome. Sternal bleeding is stopped by bone wax,
and then a self-retractor is placed there. The sternohyoid
and sternothyroid muscles are sectioned to allow contin-
uum of the region of the lower cervical and the upper
thoracic spine. The brachiocephalic or innominate vein is
identified with blunt dissection. If necessary, the inferior
thyroid artery and vein may be ligated. The trachea and
esophagus are retracted to the left, while the brachio-
cephalic trunk is mobilized to the right. A long curved
retractor held by an assistant surgeon is gently placed on
the top of the aortic arch to gain access to T4 (Fig. 2). If
T5 is to be reached, the aortic arch should be mobilized to
the left while the superior vena cava is moved to the
right, as described by Xiao et al.112.2.2. Anterior approach to the middle and lower
thoracic spine (T6e11)
The patient is put in a right lateral decubitus position,
with the pelvis being fixed firmly with holders. The table is
flexed to allow lateral bending of the spine to give more
space for operating and resumed to the flat position while
closing the wound. A skin incision is made just above the
desired spine, which is located under the guidance of a
fluoroscope. The periosteum of the rib is incised with
electrocautery, and a curved-tip elevator is used to strip
the periosteum (Fig. 3). The rib is cut using a bone cutter,
making sure to leave no sharp points. Thereby, the pleura
and the bed of periosteum are incised after the lung is
deflated. The lung is protected with a large wet gauze and
pushed away from the spine. A T-shaped incision is made
on the parietal pleura to expose the desired spine, which
is confirmed by fluoroscopy. Segmental arteries are
detected, coagulated, and severed (Fig. 4). The discs
above and below the desired spine are incised and
curetted, and then a corpectomy is performed using
Figure 2 The trachea (curved arrow) and esophagus are
retracted to the left, while the brachiocephalic trunk (straight
arrow) is mobilized to the right. A long curved retractor is
placed gently on the top of the aortic arch (stars) to gain ac-
cess to T4. Figure 4 The pleura and the bed of periosteum are incised
after the lung is deflated. The lung (curve arrow) is protected
with a large wet gauze and pushed away from the spine. A T-
shaped incision is made on the parietal pleura to expose the
desired spine and the descending aorta (stars). Segmental ar-
teries are detected, coagulated, and severed (straight arrows).
160 H.-T. Hsu et al.rongeurs and osteotomes. Care must be taken to avoid
injuring the nearby aorta during the discectomies and
corpectomy.
2.2.3. Anterior approach to the thoracolumbar junction
(T12eL1)
The patient is placed in a right lateral decubitus position and
fixed in the same way as described for the middle and lowerFigure 3 The periosteum of the rib (straight arrows) is
incised with electrocautery and a curved-tip elevator is used to
strip the periosteum.thoracic spine. An incision is made over the 10th rib, and the
periosteum of the rib is incised with electrocautery and
stripped with a curved-tip elevator. Then, the rib is cut with
a bone cutter as posteriorly as possible, without leaving any
sharp points. The periosteum of the rib bed and the pleura
are opened with a pair of Metzenbaum scissors. The dia-
phragm is seen beneath after the pleura is opened, with the
lung being deflated and located at the costophrenic angle.
The diaphragm is transected along the peripheral margin to
avoid denervation of any portion of the posterior diaphragm.
After the diaphragm is incised, peritoneal contents are
moved away gently from the psoas muscles. Segmental ar-
teries are identified, coagulated, and sectioned. Therefore,
the T12 and L1 vertebral bodies can be inspected and
confirmed under the check of a fluoroscope (Fig. 5).
2.2.4. Anterior approach to the lumbar spine (L2e4)
The patient is in a decubitus position, with the right flank
on the table break. Under the guidance of a fluoroscope, an
oblique incision is made from erector spinal muscles toward
the lateral border of the rectus, with the midpoint of the
incision centered just above the desired spine. Removal of
the 12th rib to allow more room for operation is seldom
necessary, except in obese patients. The external oblique
muscles, transverse muscles, and internal oblique muscles
are incised subsequently with an electrocoagulator (Fig. 6).
The retroperitoneal fat is seen after the internal oblique
muscles are opened. Next, the retroperitoneal space is
entered by pushing the fat with peritoneal contents
Figure 5 (A) Patient is placed in a right lateral decubitus position. (B) An incision is made over the 10th rib (long arrow), which is
dissected from the underlying intercostal nerve (short arrow) and subsequently removed to expose the pleura. (C) The pleura (long
arrows) is incised, and the intercostal nerve (short arrow) is protected by a dissector. (D) The diaphragm (stars) is exposed after the
pleura is opened. A small portion of the lung (arrow) is typically noted at the costophrenic angle. (E) The descending aorta (star) is
obvious in the retroperitoneal space after the diaphragm (long arrows) is opened. The short arrow in this image identifies the lung.
(F) A segmental artery (short arrow) lying anterior to the 12th thoracic vertebral body is frequently noted. The two long arrows and
an angled arrow indicate the diaphragm and the lung, respectively.
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lying on the muscles are identified. Using finger dissection,
the psoas muscles are split longitudinally along the medial
one-fourth of the muscle belly. Therefore, the desired
spine is exposed by blunt dissection with a “peanut” and
retraction with bent malleable retractors of the psoas
muscles (Fig. 7). Segmental arteries are detected, coagu-
lated, and cut. Under fluoroscopic guidance, the lesion is
confirmed and removed.
3. Results
The self-trained surgeon conducted a total of 10 surgeries
(Group 1) via the anterior approach. One of those cases,
treated via the trans-sternal approach for thoracic cor-
pectomy, involved a 46-year-old female patient who had
generally been well and had not been aware of harboring abreast mass. She had begun to suffer from progressive
lower limb weakness and gait disturbance 1 week prior to
visiting the authors’ hospital. Magnetic resonance imaging
(MRI) of the thoracic spine identified a pathologic fracture
of T3 and cord compression (Fig. 8A and B). Surgery was
performed, and postoperative roentgenograms confirmed
that the collapsed T3 vertebral column had been removed
and replaced with a mesh filled with allograft. The spinal
alignment was restored by posterior fixation (Fig. 8C and
D). Her ASIA impairment scale was improved from C pre-
operatively to E 1 month postoperatively. One year after
operation, follow-up MRI of the thoracic spine revealed
complete decompression of the spinal cord at T3 (Fig. 8E
and F).
Median follow-up periods for Groups 1 and 2 were 15.5
months (range, 9e23 months) and 17 months (range, 12e47
months), respectively. Mean operative times for Groups 1
Figure 6 The external oblique muscles (upper arrow),
transverse muscles (middle arrow), and internal oblique mus-
cles (lower arrow) are incised subsequently with an electro-
coagulator. The psoas muscles (stars) with a genitofemoral
nerve lying on the muscles are identified.
162 H.-T. Hsu et al.and 2 were 339  154 and 409  108 minutes, respectively
(p Z 0.32). No significant statistical difference in mean
blood loss existed between the two groups (953  899 vs.
675  313 mL; p Z 0.44).
Tables 3 and 4 list the outcomes and complications of
the study patients. The surgical complication rate was not
statistically significantly different between Groups 1 and 2
(p Z 0.41). One patient in Group 1 suffered from post-
operative pneumonia, and two in Group 2 had wound in-
fections. The ASIA impairment scale was improved in seven
(70%) patients in Group 1 and four (50%) patients in Group 2
(p Z 0.35). In total, three deaths unrelated to surgery
occurred during the follow-up period (2 in Group 1 and 1 in
Group 2).Figure 7 The psoas muscles (straight arrows) are split
longitudinally along the medial one-fourth of the muscle belly.
The desired spine is exposed by blunt dissection with a “pea-
nut” and retraction with bent malleable retractors of the psoas
muscles.4. Discussion
In the current study, comparable surgical outcomes were
observed in the 10 operations performed by the self-trained
neurosurgeon and the eight surgeries performed by neuro-
surgeons assisted by access surgeons. Thus, this preliminary
experience with the anterior approach for thoracolumbar
lesions was favorable. In the self-trained surgeon’s opinion,
practicing on cadavers was a crucial component of learning
the anterior approach technique. Such a practice provided
important anatomical information and enhanced the sur-
geon’s skills regarding knowledge related to vital structures
and pitfalls to avoid potential complications.
The first anterior approach to the lumbar spine was re-
ported by Burns in 1933.12 Since then, various anterior
procedures for the treatment of thoracolumbar lesions
have been described.13e16 Nonetheless, widespread
acknowledgment that the anterior approach is an effective
procedure was slow because of the high procedure-related
complication rate. Harrington17 asserted that surgeons
should be familiar with anterior decompression and stabi-
lization techniques prior to attempting the procedure, and
recommended that surgeons lacking experience in thoracic
and vascular techniques should seek assistance from sur-
geons who are experts in those fields. Currently, most of
Taiwan’s neurosurgeons are not formally trained in the
anterior approach during their residencies. Instead, the
posterior approach is recommended for the management of
thoracolumbar lesions when access surgeons are not avail-
able. Blindly using the posterior technique may result in
inappropriate treatment for patients with thoracolumbar
pathology who would have benefited from an anterior
approach. Specifically, some patients treated via the pos-
terior approach can, in some cases, suffer from persistent
neurologic deficits due to residual spinal cord compression
because of inadequate therapy.
Holt et al.18 reported shorter operative time, less blood
loss, and a lower rate of complications when the anterior
procedure was performed by an approach-trained spinal
surgeon compared to when the procedure was performed by
a spinal surgeon with the aid of an access surgeon. A study by
Han et al.9 reported no increased morbidity following ante-
rior approaches performed by an approach-trained spinal
neurosurgeon compared with approaches made by access
surgeons, in terms of operative time, complication rate, and
improvement of neurologic function. Results of the pre-
liminary study reported herein were consistent with their
results. Additionally, a comparison between surgeries per-
formed by the self-trained neurosurgeon and those by the
neurosurgeons assisted by access surgeons showed similar
results with regard to operative time, blood loss, complica-
tions, and improvement of neurologic function. These
encouraging results indicate that aneurosurgeon canbecome
familiar with the anterior approach after appropriate
training (such as the learning process described above).
The mean operative time in the current study was
339  154 minutes, which was longer than that reported in
the literature (range, 99.3e174 minutes).15,18 One reason
for the longer operative time is the timing method. In the
current study, duration of the procedure began at the onset
of general anesthesia rather than at the time of the first
Figure 8 (A) Sagittal MRI showing a T3 metastatic compression fracture with cord compression. (B) Axial MRI showing a T3
metastatic compression fracture with cord compression. (C) Anteroposterior roentgenogram following anterior decompression and
mesh fusion with posterior fixation. (D) Lateral roentgenogram following anterior decompression and mesh fusion with posterior
fixation. (E) Sagittal MRI obtained 1 year postoperatively showing complete decompression of the spinal cord at the T3 level. (F)
Axial MRI view obtained 1 year postoperatively showing complete decompression of the spinal cord at the T3 level. MRIZmagnetic
resonance imaging.
Anterior approach to thoracolumbar corpectomies 163
Table 3 Outcomes and complications of patients under-
going an anterior surgical approach without the assistance
of an access surgeon.
Patient Operative
time (min)
Blood
loss (mL)
Complications Postoperative
ASIA
1 370 525 None E
2 370 3200 Nonea D
3 295 150 None B
4 330 1700 None D
5 380 150 None D
6 290 600 None D
7 303 1450 Pneumonia D
8 168 200 None D
9 740 800 Noneb D
10 144 750 None D
ASIA Z American Spinal Injury Association.
a Patient died 9 months postoperatively.
b Patient died 1 year postoperatively.
164 H.-T. Hsu et al.incision. Another likely factor contributing to the longer
operative time was the steep learning curve of the anterior
procedure.18
The mean blood loss in this study was 953  899 mL,
which was also higher than that previously reported in the
literature (range, 385e635 mL).18,19 One reason could be
that the operation was performed on metastatic carci-
nomas and osteoporotic compression fractures, which were
common in the current study; both of these are associated
with increased bleeding.20,21 The rate of such cases was
higher in the study described herein than in the Holt
et al’s18 series of patients (80% vs. 5.1%, respectively) and
may be the main reason for the difference in blood loss.
The surgery-related complication rate in the current
study was 10%, which is comparable to rates reported by
other authors in the literature (4.8e31%).18,19,22 Post-
operative pneumonia developed following reconstruction of
a T12 osteoporotic compression fracture. That surgery
involved an anterior thoracoabdominal corpectomy, a pro-
cedure requiring incision of the diaphragm, which is a
common cause of pulmonary problems.2Table 4 Outcomes and complications of patients under-
going an anterior surgical approach with the assistance of
access surgeons.
Patient Operative
time (min)
Blood
loss (mL)
Complications Postoperative
ASIA
1 330 950 None A
2 465 950 None D
3 440 300 None D
4 406 1000 Wound
infection
A
5 220 150 None D
6 316 950 None D
7 530 500 Nonea D
8 565 600 Wound
infection
C
ASIA Z American Spinal Injury Association.
a Patient died 1.5 years postoperatively.Two patients in Group 1 died of natural disease pro-
gression. One patient suffered from intractable back pain
and leg weakness due to an L3 metastatic compression
fracture caused by carcinoma of the colon. That patient
showed improvement of neurologic function post-
operatively, but died 9 months after operation due to a
terminal disease. The other patient had a T12 metastatic
compression fracture caused by breast carcinoma. Again,
that patient showed improved neurologic function post-
surgically, but succumbed to systemic metastasis 12 months
after surgery.
The neurologic improvement rate in Group 1 was 70%,
which was higher than that reported in the literature
(33.3%).9 The reasons for this improved neurologic
improvement rate in this study may be the small number of
patients and that all patients were treated within 48 hours
after a neurosurgical consultation. Three patients’ post-
operative neurologic function scores remained unchanged.
One of those patients, who had been diagnosed to have
schizophrenia years earlier, had suffered from paraplegia
for about 3 months due to T7e8 osteomyelitis with an
epidural abscess compressing the spinal cord. Although the
infected area was removed successfully and antibiotic
treatment was administered, the patient’s postoperative
ASIA impairment scale did not change. The other two pa-
tients who did not show improvement had osteoporotic
compression fractures of T12 and L1. The unbearable back
pain in both these patients was relieved following the
anterior thoracolumbar corpectomy, but their lower limb
weakness remained unchanged.
Limitations of the current study included the small
number of patients and the various neurosurgeons and ac-
cess surgeons who conducted the surgeries, which might
have resulted in selection bias that could not be discerned
by standard statistical measurements. Another limitation
was that the different pathologies were not distributed
evenly between the two treatment groups, which might
have led to one group having a better outcome because of
the less technically difficult treatment approach. None-
theless, this study may prove valuable because it demon-
strated that prior observation, workshops, and practice on
cadavers are effective and constructive means of training
neurosurgeons to perform the anterior approach.
5. Conclusion
Neurosurgeons should become familiar with anterior
approach techniques for the thoracolumbar region prior to
attempting the procedures as primary surgeons. In this
study, preliminary results of the anterior thoracolumbar
corpectomies performed by one self-trained neurosurgeon
were comparable to outcomes obtained by neurosurgeons
assisted by access surgeons with regard to operative time,
blood loss, complications, and improvement of neurologic
function.
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